Two new quinoxalinone derivatives have been synthesized adopting the HONG method, and investigated for some neuropharmacological effects (anxiety-and depressive-like responses) in rats. The present experiment sought to determine whether treatment with these compounds produces changes in affective responses. We found that the chronic injection of 6-nitro-2(1H)-quinoxalinone (NQu) showed obvious anxiolytic-and antidepressant-like effects, respectively, measured in the behavioral tests of Elevated Plus Maze (EPM) and Forced Swim Test (FST). At the dose of 30 mg/kg, NQu showed a comparative anxiolytic-like effect in rats as diazepam (Dz) (1 mg/kg), and a comparative antidepressant effect as clomipramine (Clmp) (2 mg/kg; i.p). The 2(1H)-quinoxalinone (Qu) significantly reduced depressive-like responses as evaluated in FST, whereas no anxiolytic-like effect was found as measured by open field test (OF). Additionally, the locomotor activity levels were unaffected by treatment as measured by OF and EPM.
Introduction
Quinoxalinone derivatives and dihydroquinoxalin-2-ones are an important structural motif for the discovery of biologically active compounds. Various quinoxalinone compounds display diverse pharmacological activities. For example, some display antibacterial [1] [2] [3] [4] [5] , antifungal [6, 7] , anticancer [7] [8] [9] , antimalarial [10, 11] , antitubercular [12] and antidepressant [13] activities. Furthermore, there are a lot of pharmaceuticals and candidates possessing such core structures including the inhibitor of histone deacetylase [14] , bradykinin B1 receptor antagonist [15] , agonist and antagonist acting through the GABAA/benzodiazepine receptor [16] , vascular smooth muscle relaxants and antihypertensive agents [17] . The glutamate, excitatory amino acid neurotransmitter, is thought to be involved with several neurodegenerative and neuropathological disorders, including ischemia [18] , epilepsy [19] , Huntington's [20] and Alzheimer's disease [21] . Consequently, there is much interest in the modulation of glutamate receptors, especially the N-methyl-Daspartate (NMDA) and α-amino-3-hydroxy-5-methylisoxazole-4-propionate (AMPA) subtypes [22] .
AMPA receptors have been found to be involved in both seizure initiation and seizure maintenance [23, 24] . Furthermore, in some works it has been reported the implication of AMPA receptors in the antidepressant effects modulation [25] . Therefore, inhibitors of AMPA receptor activity may be useful as neuroprotective agents. Compounds acting as AMPA receptor antagonists are now generally known to be potentially useful for the prevention and treatment of a broad range of acute and chronic neurological disorders [26] . In the literature are described different series of AMPA receptor antagonists, one of which is based on the quinoxaline-2,3-dione, which have high affinity and selectivity [27] . Quinoxalinediones such as 6,7-dinitroquinoxaline-2,3-dione (DNQX), and 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX) have been shown to be AMPA receptor [28] as well as glycine receptor antagonists [29] and also to be neuoprotective in vitro [30] . In addition, the AMPA selective quinoxalinedione, 2,3-dihydroxy-6-nitro-7-sulfamoylbenzo (F) quinoxaline (NBQX) has been shown to be neuroprotective in cerebral ischemia models [31] .
These data prompted us to begin our investigation on quinoxalinone compounds in order to achieve additional data for a structure-activity relationship study. In this context, so as to evaluate if the presence of favorable substituent in the benzo-moiety might improve anxiolytic and/or antidepressant activities, we have prepared two new quinoxalinone compounds; one of which maintains an electron-withdrawing group (NO 2 ) in the benzo-moiety.
Experimental Procedures

Chemistry
2(1H)-quinoxalinone 4 and 6-nitro-2(1H)-quinoxalinone 5 were synthesized according to a method described elsewhere [32] (Hong 2000). It consists in a condensation of o-phenylenediamine with glyoxilic acid in refluxed n-butanol (Scheme 1). The yields of the products 4 and 5 were 78% and 82% respectively. The 1 H NMR and IR spectral data of these products are shown in Table 1 .
Melting points were determined on an automatic electrothermal apparatus, and are uncorrected. NMR spectra were recorded with a Bruker WB-300 spectrometer; shifts d in ppm relative to TMS. Analytical TLC were performed on Merck aluminium backed silica gel (Silica Gel F254), spots were visualized in UV light. Infrared spectra were recorded on a Bruker Tensor 27 spectrometer as KBr pellet.
2(1H)-quinoxalinone (Qu) 4. To a solution of (2.16 g, 20 mmol) of o-phenylenediamine in 50 ml of n-butanol, was added a solution of (2.30 g, 25 mmol) of glyoxilic acid in 10 ml of n-butanol. The mixture was heated for 5 hrs. After standing in a freezer for one night, the precipitated product filtered off, washed three times with n-hexane and then recristallized in a mixture of DMFethanol (3:7, v/v) to afford light-yellow crystal of 2(1H)-quinoxalinone 4 (2.28 g, yield 78%), with m.p. 236˚C -237˚C.
6-nitro-2(1H)-quinoxalinone (NQu) 5 could be also prepared in good yield in a similar procedure. It was obtained as a dark-gray crystal (3.13 g, yield 82%) with m.p. 224˚C -226˚C.
Animals
All experimental procedures were performed according to the NIH Guide for the Care and Use of Laboratory Animals. The animals used in this study, rats from the wistar strain, were born, bred and housed in groups of five rats in acrylic cages (35 × 56 × 19 cm) in aerated room, according to standard animal care protocols. All rats were maintained on a 12 h light/dark cycle (lights on at 07:00) under constant temperature (≈22˚C), with food and water ad libitum. The rats were randomly shared out into five experimental groups (n = 5). Rats assigned to control group were administered by the vehicle solution, whereas the experimental groups were administered by different drugs for the remainder of the study. Animals were acclimatized to laboratory conditions before the experiment. Each animal was used only once. All the experiments were carried out between 10:00 and 16:00. The cages were cleaned regularly every 24 h.
Experimental Design
The rats were daily injected intraperitoneally; the anxiolytic and antidepressant standard group rats were administered with Dz (1 mg/kg), (Laboratoires PHARMA5) or Clmp (Manufactured by NYCOMED Austria GmbH, Linz, Austria for Novartis Pharma AG, Basle, Switzerland) (2 mg/kg) respectively. In the experiment using quinoxalinone derivatives, rats were administered (dose: 30 mg/kg) with compound Qu or compound NQu. Appropriate control (T) studies were performed administering vehicle in place of drug. All drugs were administered dissolved in normal saline and dimethyl sulphoxide (DMSO) on each day of the experiment. After two weeks in treatment conditions, the rats underwent a battery of behavioral tests to measure anxiety-and depressive-like responses. All testing occurred during the light phase between 10:00 and 16:00. Testing occurred in the following order to minimize stress effects in the most sensitive tests [33] : open field, elevated-plus maze, Porsolt forced swim test. Rats naive to the apparatus and treatments were used for all the experiments and each rat was used only once. Rats were allowed to acclimate to the testing room 1 h before testing began. To eliminate any lingering olfactory cues, the pieces of test equipment were thoroughly cleaned by using water and 20% alcohol followed by thorough drying before each rat was tested. 
Behavioral Testing
Open Field Test
To assess locmotor activity and anxiety-like responses, rats were placed in a white square open field arena (100 × 100 cm) made of wood. As previously reported [34] , it was enclosed with 40 cm high walls and placed under strong illumination (200 lux). The arena was divided into 25 squares (20 × 20 cm), defined as 9 central and 16 peripheral squares. Each rat was placed in the central square and its behaviour was recorded for 10 min. The number of central and peripheral squares crossed and the time spent into the 9 squares central section were scored through video monitoring.
Elevated Plus-Maze Test
To further assess anxiety-like responses, rats were placed in an elevated plus maze; the test is based on creating a conflict between the rat's exploratory drive and its innate fear of open and exposed areas. This test has been validated for the detection of emotional responses to anxiogenic and anxiolytic substances [35] . 
Forced Swimming Test
To assess depressive-like responses, rats were individually placed in a cylinder (height = 50 cm; diameter = 30 cm) containing 27 cm water (22˚C) from which they could not escape. The rats were placed in the water for 6 min and the duration of immobility during the last 4 min was measured. The latency to the first bout of immobility was also recorded starting immediately after placing the rats in the cylinders. A rat was judged immobile when it ceased all active behaviors (i.e. struggling, swimming and jumping) and remained passively floating or making minimal movements necessary to maintain the nostrils above water. High percent time floating is interpreted as an increased depressive-like response [39] . The effects of test compounds on depression in rats were compared with the effect of antidepressant dose (2 mg/kg, i.p.) of clomipramin, a standard antidepressant drug.
Statistical Analysis
Data are expressed as the means ± standard error of the means (S.E.M.). To determine the differences between experimental groups statistical analysis was performed by analysis of variance (ANOVA) 1st order followed by a post-hoc tests (Fisher LSD) or Student test "t". Intergroup differences were considered significant when p < 0.05, very significant when p < 0.01 and highly significant at p < 0.001. Table 2 ).
Results
Anxiolytic-Like Effect
Elevated Plus Maze
In the EPM test, three parameters were measured, EOA, TOA and the TEA. These parameters were compared between groups of rats treated with quinoxalinone compounds Qu or NQu and the control rats receiving NaCl on the one hand and rats treated with the reference compound Dz on the other hand. Chronic treatment with the NQu very significantly affected the parameter EOA (F (4, 20) = 5.92, p < 0.01) (Figure 1(a) ). The LSD test (Least Significance Differances) for pair wise comparisons, revealed that, rats treated with the compound NQu, visit more frequently the open and exposed arms (p < 0.01). We also note that rats treated with this compound increased very significantly the time spent exploring these arms TOA (F (4, 20) = 15.35, p < 0.001) (Figure 1(b) ).
Compared with rats treated with Dz, Fisher LSD test revealed no significant difference between rats treated with the NQu and those treated with Dz. Indeed, this suggests that the compound NQu has an anxiolytic-like effect comparable to that of Dz (p > 0.34). However, the TEA was not affected by chronic treatment with this compound (F (4, 20) = 3.83, p > 0.05) (Figure 1(c) ). The compound Qu, showed no anxiolytic-like property in rats. Taken together, the data obtained in both tests of OF and EPM, showed that the two quinoxalinone compounds tested did not affect locomotor activity in the different groups of rats, regarding NTS and TEA parameters (Table 2 and Figure 1(c) ).
Antidepressive-Like Effect
Forced Swimming Test
In the FST, the parameter IT was measured in the groups of control rats receiving NaCl (0.9%), rats treated with Clmp and rats treated with the two quinoxalinone compounds Qu and NQu. The tested compounds significantly affected the immobility time. Rats treated with the compound Qu presented a highly significant decrease in the duration of time spent floating in the FST relative to control group (F (4, 20) = 6.30, p < 0.001) (Figure 2 ) and also in rats administered with the compound NQu (F (4, 20) = 6.30, p < 0.001) (Figure 2) . However, the compound Qu has developed an antidepressant effect larger than that produced by the compound NQu. Compared with Clmp, standard antidepressant drug, the testing compounds showed an antidepressant effects in rats that were superior to the effect produced by Clmp (2 mg/kg, i.p.).
Discussion
Anxiety and depression seem to be associated with modification in central neurotransmission deterioration of monoaminergic systems (norepinephrine: NA, dopamine: DA and serotonin: 5HT). The use of antidepressants like Clmp, an inhibitor of 5HT uptake and anxiolytics like Dz, a potentialisator of the GABAergic transmission, seems effective to cure these syndromes. Though, Benzodiazepines (Bzs) are well-established, clinically useful anxiolytics, but some effects that are characteristic of these drugs, particularly sedation and muscle relaxation, have been considered unwanted side effects. Identification of the Bz modulator site on the type A (GABA A ) complex facilitated a search for compounds that relieve anxiety without such side effects. The goal of this study was to test the hypothesis that chronic administration of quinoxalinic compounds would induce significant behavioural changes in Wistar rats. We predicted that chronic administration with these compounds would decrease stress-related parameters altering affective responses in behaveioural tests. The goal of this study was to test the hypothesis that administration of quinoxalinone compounds would in- duce significant behavioral changes in Wistar rats. We predicted that chronic administration with quinoxalinone derivatives would decrease stress-related parameters altering affective responses in behavioral tests. The anxiety levels in the different treatment groups were revealed by studying the parameters TCA and NRC in the OF test and TOA and EOA in the EPM test. Differences in anxiety-like behavior were observed between different treatment groups. Specifically, rats administered with NQu had decreased anxiety-like behavior as evaluated by the EPM (Figure 1) ; rats had a longer latency to enter the open arms and entered open arms more frequently than control rats administered with normal saline; indeed, a decrease in open arm exploration is demonstrative of anxiety-like responses [40] . Previous research on quinoxalinone derivatives and anxiety-like behavior support our prediction, for example, some quinoxalin compounds reduced anxiety-like behavior in mice as evaluated in EPM test [27] . Moreover NQu showed a comparative anxiolytic-like effect in rats as Dz (1 mg/kg), although, there were no differences in central tendency or locomotor activity in the OF test ( Table 2) . Taken together, these data indicates that NQu can induce significant changes in affective behaviour; decreasing anxiety-like responses.
The effects of NQu on depressive-like behavior were evaluated in the FST. Treatment by this compound consistently decreased depressive-like behavioral responses. Increased floating time in the FST is considered "behavioral despair" because rats putatively stop searching for an escape mechanism [39] . Rats administered with NQu floated less frequently, exhibiting less behavioral despair and displayed a comparative anti-depressive-like effect in rats as Clmp (2 mg/kg; i.p; Figure 2) , which suggests an eventual interaction between this compound and NAergic and 5-HTergique systems.
Rats administered with Qu did not exhibit significant results in the OF and EPM tests. This result can be explained by the fact that Qu affects neither the levels of anxiety nor the locomotor activity in rats. Chronic injection of this compound shows highly significant antidepressants effects in the FST; Parallel results were obtained by other study [13] . At the dose of 30 mg/kg, the Qu showed a better antidepressant effect than Clmp (2 mg/kg).
In conclusion, all of this data allowed us to make an observation on structure-activity relationships. The results of behavioural tests seem to confirm that for the anxiolytic-like activity, an electron-withdrawing substituent in the benzene moiety is necessary. In fact the compound maintaining the electron-withdrawing group (NO 2 ) in the benzene moiety displayed both anxiolytic-and antidepressive-like effects.
